We assessed how the viability and diversity of the zooplankton resting-stage bank can be affected by predictable and unpredictable hydroperiods using permanent and temporary lakes. We hypothesized that the zooplankton resting-stage bank in temporary waterbodies would be affected by the length of the dry period (seasonal, intermittent and episodic). We also tested the role of dried macrophyte mats in preserving resting-stage banks in temporary lakes. Laboratory experiments were conducted with sediment samples from two permanent waterbodies and three temporary shallow lakes that undergo dry periods of different lengths (seasonal, intermittent and >10 years dry). The results of the experiments suggested that the dry period length significantly affected the viability and diversity of the resting-stage bank, affecting its potential role in zooplankton community recovery. Longer dry periods also affected the temporal hatching response of resting stages from temporary lakes: species from unpredictably drying waterbodies experienced delayed hatching. Resting-stage viability and richness were largely and positively influenced by dried macrophyte mats, which surpassed the efficiency of the sediment as a substrate for conserving resting stages. Our results provide new insight on the functional role of macrophytes indicating that these beds are pivotal in conserving resting stages and increasing zooplankton community resilience.
I N T R O D U C T I O N
Temporary and permanent waterbodies are important landscape elements (Downing, 2010; Ewald et al., 2012) and are classified as permanent or temporary depending on the length and the predictability of wetting and drying (William, 1998; Brock, 2011; Ewald et al., 2012) . For temporary ecosystems, loss of water (dry period) is a natural phase of their hydrological variability (Brocks et al., 2003) , and aquatic organisms living in these special available online at academic.oup.com/plankt habitats have developed extraordinary adaptations to survive drying. Of particular importance is the production of resting stages that can survive during unfavorable (dry) conditions (De Stasio, 1990; Hairston et al., 1995; Brendonck and De Meester, 2003) .
The production of resting structures and dormant phases of the life cycle is a well-known characteristic of zooplankton (Radzikowski, 2013) . Although the robust structure of the resting-stage covering possessed by many (but not all) species can enable them to survive for long periods under adverse conditions, the temporal viability of these dormant forms can be affected by longterm drought (Fryer, 1996; Cáceres, 1998; Havel et al., 2000; Boven and Brendock, 2009 ). Under these circumstances, recovery of the zooplankton community would require dispersal from adjacent habitats. Thus, recovery of a completely dried waterbody in the absence of a bank of viable resting-stages would depend on the integrity of the local aquatic habitats and their biota, and the dispersal of viable resistant forms (Shurin, 2000; Clarke, 2003; Franco et al., 2006; Incagnone et al., 2015; Schwartz and Jenkins, 2000) .
Understanding the resilience of the zooplankton assembly in temporary habitats can help to predict how the community structure could be affected by changes in water regimes, and which habitats can preserve viable resting-egg banks after unpredictable and/or long dry periods. If it is possible to determine the temporal viability and the time response of the resting-stage bank, as well as the most resilient species ensemble, it could be possible to forecast the recovery time and composition of the aquatic ecosystems affected by changes in water regimes, as predicted under climate-change scenarios (Brock, 1998; Mertens et al., 2008; Williams et al., 2008) . Biological responses of aquatic populations from temporary aquatic ecosystems, including species strategies to adapt in changing environments, must be understood and taken into account in conservation actions (Angeler, 2007) .
The present contribution explores the composition (species richness) and viability (temporal response and hatching abundance) of zooplankton resting-stage banks in waterbodies that experience different wetting and drying regimes. Although zooplankton communities from tropical shallow lakes are considered under influence of constant seasonal patterns of light and temperature, which trigger and maintain high rates of resting-stage hatching, the prevalence of harsh drying conditions and its effect on the viability and resilience of resting stages bank is still largely unexplored.
To evaluate the influence of local constraints on the viability of zooplankton resting stages, two permanent lakes and three temporary waterbodies were selected. The permanent lakes are representative of the potential optimal hydrological conditions for longevity of the resting-stage bank (no desiccation period). To test if different climate conditions could affect the hatching response in permanent habitats, experiments were carried out for a tropical lake (water and sediment under warm temperatures) and a temperate lake, where seasonality, including cold conditions, affects the water and sediment.
We tested the hypothesis that the composition and viability of the zooplankton resting-stage bank are influenced by the water regime. Specifically, we predicted that resting-stage banks from temporary habitats exposed to prolonged dry periods would hatch fewer animals and have lower species richness, due to environmental harshness (especially in Coutos and Meio lakes). We assessed this hypothesis by investigating the following questions: (i) how long does the resting-stage bank survive in habitats that experience extreme dry periods; (ii) how is the abundance and species composition of hatchlings from the resting bank influenced by the length of the dry period; and (iii) how does the species richness and hatching of the resting-stage bank respond to different water regimes?
In addition to the above hypotheses, we considered the importance of macrophytes as source of hatching zooplankton. In shallow temporary waterbodies, extensive macrophyte beds usually cover the bottom, where they augment the environmental heterogeneity, habitat and refuge for aquatic invertebrates. During the dry period, the macrophyte banks collapse and become part of the organic fraction of the lake sediment, as dried aquatic vegetation. To assess the role of dried macrophyte mats as a substrate for zooplankton resting stages in temporary lakes, hatching experiments were also carried out with this material. This approach, to our knowledge, is the first to address the potential importance of the dried mats of aquatic plants for the preservation of the zooplankton resting-stage bank.
M E T H O D Study sites
Sediment samples were collected in five shallow waterbodies in Brazil and the USA. Limnological features of these waterbodies are summarized in Table I . In Brazil, samples were obtained in one permanent lake (Carioca Lake) and three temporary lakes (Coutos, Seca and Meio) with different hydrological pulses, according to Brock et al. (2003) . Carioca Lake is a natural lake surrounded by Atlantic Rain Forest located in the State Park of Rio Doce (Minas Gerais state, Southeast Brazil). In the USA, sampling was conducted in Beaver Creek Reservoir, a permanent waterbody located at Albemarle County, Virginia. (Fig. 1) .
The temporary lakes were selected according to a dryness gradient. Seca is a seasonal pond that fills each year during the rainy period. Coutos and Meio lakes are representative of the harshest conditions of dryness. These two shallow lakes are located on an outcrop with iron-rich duricrust, under severe edapho-climatic conditions, including high ultraviolet (UV) intensities and daily temperature variations of the substrate that can easily exceed 50°C (Jacobi et al., 2007) . Coutos is an intermittent shallow lake that remains dry even during the rainy period, if rains are sparse. Meio Lake has been completely dry since 2004. We considered that Coutos and Meio lakes constitute natural models of the extreme environmental stresses that can affect the viability of resting stages: dryness and high soil temperatures.
Field sampling
In Brazil, sediment sampling was conducted during the dry period (August and September of 2014), when all the temporary lakes were completely dry. In the USA, sampling was conducted in early spring (April 2015) , after the resting stages had been under influence of cold temperatures, but before the temperature had warmed enough to trigger hatching in the growing season.
For temporary lakes, sediments were collected with a garden trowel from the top 6 cm at 10 random sampling points, 5 from the littoral (covered by emergent macrophytes) and another 5 randomly points selected from the open-water area (mainly covered by submerged macrophytes). From these 10 locations, a pooled sample was created for each lake by combining all sediment samples. Sediments from permanent lakes (Carioca Lake and Beaver Creek Reservoir) were obtained with a core (60-cm long acrylic tube, diameter 8 cm), in three randomly sampled locations. The sediment samples were immediately transported to the laboratory in a cool box, and kept in the dark in a refrigerator at 4°C. The upper 5 cm of each sediment core from the permanent lakes was sliced and integrated into a single sample.
Sample processing
The wet sediment samples from the permanent lake were first processed before the hatching experiments, to kill any remaining active stages of aquatic invertebrates. Each sample was spread into a thin layer onto a plastic surface and dried for 1 week at room temperature. Although some studies have reported that isolation of resting stages from the sediments can increase the hatching rates (Cáceres and Schwalbach, 2001; Vandekerkhove et al., 2004) , this method can also decrease the efficiency of sorting of smaller resting stages such as rotifers and the more delicate dormant stages of some copepods (Brendonck and De Meester, 2003) . Considering that the main goal of this study was to observe the recovery of the zooplankton assembly, resting stages were not isolated from the sediment.
For hatching experiments, subsamples of 50 g of sediment from every lake were manually agitated in a plastic tray for 30 min and then placed into individual 25 × 10 cm covered plastic boxes. We used three replicate boxes for each lake. Each of the boxes for every lake was flooded with 1 L of distilled water and then incubated at 25°C under fluorescent lights (4000 lux) and a 16:8 h light/dark cycle. Samples were incubated for 5, 10, 15, 20, 25 and 30 days. Every 2 days, the entire volume of the water was removed with a volumetric transfer pipette, and new water was added to the sediment. The water removed was filtered through a 35-μm plankton mesh and preserved with Lugol's solution. These samples were used to assess zooplankton composition, richness and to estimate the time hatching response of the resting bank. Source of data: Beaver Creek: Emery et al. (2015) . Carioca 
Hatching experiments of zooplankton resting stages from dried macrophyte mats were carried out by carefully separating the macrophyte mats from the sediment samples from the temporary waterbodies (Coutos Lake, Meio Lake and Seca Lake), under a stereomicroscope. Macrophyte banks in Seca Lake are almost entirely dominated by Eleocharis minima Kunth, Juncus densiflorus Kunth and Egeria minima Planchon. In Coutos Lake, besides E. minima, several other species of macrophytes can be found, such as Nymphoides indica (L.) Kuntze, Polygonum sp., Helanthium tenellum (Mart. Ex R. & S.) Britton, Utricularia sp. and Egeria najas Planch. Three subsamples of 50 g of macrophytes mats were placed in three individual covered 50 × 20-cm plastic boxes. Each box was flooded with 2 L of distilled water, and then incubated in the same temperature and light regimes used for the sediment samples. Since it was difficult to separate hatched individuals from the macrophyte fragments, samples were incubated for 30 days. At the end of this period, the entire sample was filtered and washed with distilled water under a 35-μm plankton mesh. Samples were preserved in 4% formalin solution with Rose Bengal stain to aid in separating organisms from macrophyte detritus. In these experiments, zooplankton richness was considered as the number of species detected on the 30th day of the experiment.
The entire content of each zooplankton sample was sorted under a stereomicroscope (Zeiss Discovery V20) at 50-150× magnification. When necessary, samples were also analyzed under an inverted microscope (Zeiss AXIO Observer A1) at 400-1000× magnification. Rotifers were identified to the lowest taxonomic level possible, following the keys of Ruttner-Kolisko (1974), Koste (1978) and Stemberg (1979) . Additional information available at the website http://cfb.unh.edu/cfbkey/html/begin.html was also consulted. For cladocerans, taxonomic references included those by Brooks (1959) , Hebert and Finston (1997) , Elmoor-Loureiro (2007) and Van Damme and Dumont (2010) and the descriptions found in the following website: https://cladocera.wordpress.com/. For cyclopoid copepods, we consulted the key by Reid (1985) . For Anostraca the descriptions by Chaves et al. (2011) were followed, and for Conchostraca we followed Pereira and García (2001) .
Zooplankton richness was obtained by counting the number of species that hatched during the experiments from the 5th to the 30th days of experiment. Hatching abundance was estimated by counting the individuals in the zooplankton samples.
Statistical analyses were performed in Statistica (9.0) and EstimateS. To find differences in zooplankton richness among waterbodies and to test the hypotheses regarding the importance of sediment samples versus macrophyte mats to conserve resting-stages banks, ANOVA was used on log-transformed data to reduce heteroscedasticity, followed by Tukey test. The statistical analyses comprised two fixed factors: temporal aspects of the dryness period (permanent or temporary lakes) and length of dryness (permanent, seasonal and intermittent). Meio Lake was removed from these analyses, as it clearly differed from the other two shallow lakes. Hatching data were also log-transformed to homogenize the variance. For regressions, we examined residual plots to check that models were not biased and the models were used to test the a priori hypotheses regarding the effects of dryness length on (i) zooplankton richness and (ii) hatching of the resting-stage bank.
R E S U L T S Zooplankton richness from sediment and dried macrophyte mats
A total of 95 species hatched during the experiments, confirming the presence of a residual stage bank in the permanent and temporary lakes. Overall, 10 species hatched from Beaver Creek, 21 from Carioca, 51 from Coutos, 54 from Seca and 10 from Meio Lake (Table II) .
In permanent waterbodies, rotifers were the most frequent forms hatched from resting stages, especially Brachionus calyciflorus, Brachionus mirus, Filinia longiseta, Hexarthra intermedia and Ptygura sp., and bdelloideans, which could not be identified to genus level. Crustaceans hatched in low numbers (usually <10 daily hatchings), and were represented mainly by Daphnia species (D. ambigua, D. parvula and D. rosea in Beaver Creek and D. gessneri and D. laevis in Carioca). Cyclopoid copepods were also found in low numbers.
In the temporary shallow lakes, the proportion of epibenthic cladoceran species was over-represented, while widespread limnetic forms such as Moina minuta were under-represented. The cladocerans Chydorus pubescens, Ilyocryptus spinifer, Chydorus cf. sphaericus and Alona ossiani can be considered the most resilient species in the temporary habitats, since they were the most frequent and abundant species hatched from the resting-egg bank. Lecane hyaclista, Tricocherca insignis and T. myersi, in addition to bdelloid rotifers, were common in Coutos and Seca lakes, and hatching rates were high (>50 daily hatchings, Table II) .
Hatching experiments with the dried macrophyte mats revealed that a substantial fraction of the zooplankton richness in the temporary lakes hatched from this plant substrate (Fig. 2) . In Coutos Lake, 20 zooplankton species (33% of hatchlings) emerged exclusively from dried macrophyte mats, including rotifers (genera Keratella, Ptygura, Tricocherca and other Bdelloidea), the limnetic cladoceran Moina minuta, benthic cladocerans including Alona dentifera, Alona yara, Alonella clathratula, Graptoleberis occidentalis and Celsinotum candango, the anostracan Dendrocephalus sp. and the conchostracan Eulimnadia brasiliensis. In Seca Pond, 14 species hatched exclusively from macrophyte mats (26% of total hatchings), including Dendrocephalus sp. In Meio Lake, macrophyte fragments were sparsely present in the sediment, and only three species hatched from this plant substrate (Tricocherca sp., Alona ossiani and Chydorus pubescens).
Hatching experiments with dried macrophyte mats indicated that this substrate is an important repository of invertebrate species for shallow lakes. Zooplankton richness was significantly higher in macrophyte mats on the 30th day of experiments than for the sediment samples over the same period in Coutos (t-test: df = 1, F = 5.26, P = 0.003) and Seca lakes (t-test: df = 1, F = 3.05, P = 0.03) (Fig. 3) .
Temporal response of zooplankton richness
Zooplankton richness in all the lakes tended to increase over the incubation periods (Fig. 4) . These patterns were significant from the 5th to the 30th day, in the permanent (ANOVA, df = 5, F = 5.6, P < 0.001) and temporary lakes (ANOVA, df = 5, F = 4.6, P < 0.001).
In permanent lakes, zooplankton richness began to increase in 1 week (5th day), and maximum richness was reached in 4 weeks (by the 25th day). After 10 days, 
Meio Beaver Creek Carioca Coutos Seca
Continued  the number of species detected in the permanent lakes ranged from 8 to 15 new species (median 5.8 in Beaver Creek and 11.9 in Carioca Lake). For temporary lakes, hatchings were delayed compared with permanent lakes. Hatching started within 2 weeks (from the 10th day of experiments), and maximum richness was reached in 5 weeks (by the 30th day). Zooplankton richness showed the same temporal pattern in the episodic Meio Lake, but very few species hatched (median 2.5 species), indicating a limited potential for the local resting-egg bank to restore zooplankton richness (Fig. 5 ).
Resting-stage hatchings and zooplankton richness
Hatching abundance had a significant effect on the overall species richness for permanent and temporary lakes (ANOVA, F = 18.52, P < 0.001) (Fig. 6) . In permanent lakes, hatching from the resting-stage bank restored richness within 2 weeks (median of 65.4 hatchlings), and thereafter decreased substantially until the 5th week (median 56.5 at the 30th day), confirming the rapid response of the regional egg bank to hatching stimulus. Therefore, for temporary lakes, hatching abundance increased substantially after 3 weeks (20th day) (median 854 hatchings), reaching the highest hatching abundance after 5 weeks (median 1089.7 hatchings). The strong influence of hatchings on zooplankton richness (R 2 = 0.90, residual df = 88) is apparent in Fig. 7 . In permanent lakes, zooplankton richness increased under a low hatching number (median 65.3 hatchings.d ), while for temporary lakes (except for Meio Lake, excluded from this analysis due to the very low richness), the increase of zooplankton richness seems to be associated with a very high number of hatchings (median 630.8 hatchings.d
−1
).
D I S C U S S I O N
The results from our experiments confirmed our hypothesis that long dry periods can affect the viability of the resting-stage bank, compromising its potential role as an efficient strategy to recover zooplankton diversity in temporary tropical waters. Hatchlings obtained in the sediment resting-stage bank from the waterbodies with the more predictable wetting periods (Seca and Coutos lakes) had at least twice the abundance and diversity (species richness) as observed in the unpredictably episodic Meio Lake. Zooplankton richness was also successfully recovered through the resting-stage bank, confirming that resting viability is better preserved under more predictable environmental conditions. For tropical zooplankton, recent studies document how zooplankton resting stages can hatch after adverse conditions of salinity and associated effects of hydroperiod and predation (Santangelo et al., 2014; Zokan and Drake, 2015) . However, the effects of dryness on zooplankton resting stages from tropical shallow lakes as demonstrated in our study are decisive in shaping zooplankton hatching and composition structure.
Zooplankton community resilience has been considered essentially as a time response, since the recovery to pre-disturbance conditions is associated with the length and/or intensity of a disturbance and the adaptive strategies of the component species (Lake, 2013; Ginatullina et al., 2017) . The rotifers Lecane spp., Bdelloidea and Ptygura spp., and the cladocerans Chydorus pubescens, Ilyocryptus spinifer, Chydorus cf. sphaericus and Alona ossiani were the faster-hatching and abundant species in these temporary waterbodies that undergo predictable and unpredictable dry periods, constituting an important pool of pioneer species in perturbed waterbodies. Chydorus pubescens, Ilyocryptus spinifer, Chydorus cf. sphaericus and Alona ossiani are common species in lowland and mountain areas in Central and South America, confirming that these ubiquitous species can tolerate a wide range of environmental and ecological conditions (Fryer, 1968; Siney, 1998; Maia-Barbosa et al., 2014; Wojewódka et al., 2016) . Therefore, very few investigators have attempted to study some of the functional traits of the cladoceran species from temporary waterbodies, including egg production, growth rates and feeding behavior, which could contribute to understanding why these zooplankton species are so resilient in perturbed aquatic ecosystems.
The persistence and viability of resting stages subjected to severe conditions have been studied in many temporary aquatic ecosystems. Several investigators have presented evidence that invertebrate resting stages can survive and hatch after stressful conditions, including dry periods (Taylor et al., 1990; Hairston et al., 1995; Fryer, 1996; Nielsen et al., 2000; Mertens et al., 2008; Vandekerkhove et al., 2013) . However, other studies have pointed out that extensive dry periods can affect the viability and hatching rates of resting stages (Wyngaard et al., 1991; Chen and Folt, 1996; Arnott and Yan, 2002) . Furthermore, the response of resting stages to environmental factors can be species-and genotype-specific, making it difficult to establish a consistent pattern of the general consequences of environmental constraints on hatching of resting stages (Cáceres and Tessier, 2003) . However, our results show that extensive dry period promotes a deleterious effect on the resting-stage hatching rates, even in tropical aquatic ecosystems, where seasonal conditions are considered stable.
Regional fluctuations in the duration of dryness may explain some of the differences observed in the viability of the zooplankton resting-egg bank. While permanent aquatic ecosystems show greater environmental predictability in terms of hydroperiod, multiple factors can affect the development and persistence of a water column in shallow lakes, including continuity of rainfall, hydrological connectivity and seasonal strength of the dry period. In extreme conditions of drought, including high soil temperatures as in Lagoa do Meio (>10 years dry), the negative effect of the dry period on the viability and composition of the zooplankton resting-stage bank was highly significant.
The hydroperiod has been established as a key factor shaping biodiversity in temporary waters, and a positive effect of the hydroperiod length on richness has been described (Wellborn et al., 1996; Frisch et al., 2006; Waterkeyn et al., 2008) . In addition to the positive effects of hydoperiod duration on species richness in temporary environments, the present study indicated that hydroperiod length appears to be decisive for the temporal hatching response of resting eggs. Aquatic species of temporary habitats can show a remarkable array of adaptations to the periodic variations in water, which distinguishes them from inhabitants of permanent waterbodies, including the capacity to reproduce over a broad range of temperature and short development times (Maier, 1991 (Maier, , 1992 .
In temperate regions, light and temperature are considered two of the most important stimuli for hatching of zooplankton resting eggs, regardless of environmental conditions (Vandekerkhove et al., 2005) . Therefore, our findings suggested that there is a delay in breaking dormancy of the egg bank in tropical temporary systems, with the maximum number of hatchings occurring about 10 days after the beginning of the environmental stimulus (water and temperature). Delayed hatching of part of the egg bank has been described in many species from temporary habitats and is considered a strategy to preserve high genetic and species diversity (Ellner and Hairston, 1994; Brendonck and De Meester, 2003) . In addition to preserving the gene and species pool, delayed hatching from the regional egg bank in temporary ecosystems can also ensure that hatching occurs when the environmental conditions in these fluctuating habitats are suitable. Early hatching can expose populations in temporary waters to slower maturation, less than optimal feeding conditions and much higher predation pressure (Vanschoenwinkel et al., 2010) . Late hatching may have an advantage in making individuals less susceptible to environmental constraints. Temporary aquatic ecosystems are particularly vulnerable to climate, including climate variability and directional climate change (Adrian et al., 2009; Carpenter et al., 2011) . Climate warming may intensify the hydrological cycle, leading to heavier and more extreme precipitation (Min et al., 2011; Knapp et al., 2015) , but also increasing the potential for droughts (Dai, 2011) . These predicted climate scenarios, in addition to affecting the habitat structure of temporary waters, can also disrupt the adaptive adjustments of aquatic populations, including the timing for hatching of resistant forms and re-establishment of populations.
The presence of dense banks of macrophytes in shallow lakes has a substantial influence on various ecological processes, including habitat structure, productivity, food sources, refuges, biotic interactions and biogeochemical cycles (Ziegler et al., 2015) . The refuge effect of submerged macrophytes has been described as a crucial aspect of shallow lakes enhancing survival, growth and littoral habitats for benthic and pelagic zooplankton (Jeppesen et al., 1997; Iglesias et al., 2007; Meerhoff et al., 2007) . However, little is known about the role of dried macrophyte mats in shallow lakes, excluding their central role in biogeochemical cycles and nutrient paths (Lauridsen et al., 1996; Scheffer, 2004; Bolduc et al., 2016) . The hatching experiments in the present study showed that dried macrophyte mats are a fundamental substrate for the conservation of resistant stages in Fig. 7 . Regression between zooplankton species richness and hatching from sediment resting-egg bank in permanent and temporary waterbodies. R 2 = 0.90, residual df = 88.
temporary waters, even exceeding the importance of sediment as the main source of propagules in the shallow lakes studied here. In general, studies on the diversity and viability of the zooplankton resting-stage bank have been conducted considering the lake sediment as the main repository of dormancy structures. Previous ideas provided by Brendonck and Riddoch (2000) and Vanschoenwinkel et al. (2010) suggested that aquatic vegetation could influence the size of egg banks by forming a protective crust and reducing wind erosion. Evidence that vegetated sediments could highly increase the abundance of resting stages of benthic marine copepods was reported previously (Scheef and Marcus, 2010) . The mechanisms by which this occurs may be related to the higher abundance of copepods in vegetated areas, physical protective effect of the plants and favorable oxygen conditions near plant banks, preventing hatching of the newly associated egg bank (Scheef and Marcus, 2011) . According to Battauz et al. (2017) , roots and submerged portions of macrophytes may harbor zooplankton resting stages and contribute to the dispersal of specimens to new habitats in floodplain areas. Our findings demonstrated that dried mats of macrophytes (parts of dried leaves, stems and roots) also play a crucial role in the conservation of resting stages, increasing the diversity and resilience of the zooplankton in shallow lakes.
C O N C L U S I O N S
The length of dry periods can affect zooplankton resilience, as observed through the experiments with resting-stage banks from permanent and temporary lakes, confirming our initial hypothesis. Lakes that undergo a predictable seasonal hydroperiod or permanent lakes maintained more viable and diverse banks than lakes with less predictability or very long dry periods. The length of the dry period affected the temporal hatching response of the resting stages, which was in general always more delayed than that observed in the banks from permanent aquatic environments. With continued climate warming and less predictability of hydroperiods in shallow lakes, we believe that new constraints on the recovery of zooplankton communities in temporary waters will occur. The presence of the dried macrophyte debris in the sediment of temporary lakes enhances the retention of resting stages, thus favoring zooplankton diversity and resilience. 
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